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Abstract 
Rural electrification in India is progressing rapidly, and most households nationwide are now 

connected to the electricity grid. However, the country's electricity consumption remains low, 

and poor electricity quality continues to constrain households' electricity use, especially in rural 

areas of the northern Gangetic plain. Measuring the electricity access by connection rates alone 

is insufficient, because poor and intermittent electricity quality impacts electricity use. First, this 

study investigates the quantity and ways in which families use electricity by adopting ESMAP's 

2015 Multitier Framework. Then, it considers the relationship between electricity use and 

multiple dimensions of electricity quality using regressions that relate electrical appliance 

ownership indicators (as dependent variables) to these quality attributes, controlling for 

household and community characteristics. Using data from a survey conducted in the summer of 

2018 from 500 households in the border region of Uttar Pradesh and Bihar, the study finds that 

nearly all rural households have low levels of electricity use. The evidence of this study also 

supports the idea that electricity supply quality is a severely limiting factor inhibiting electricity 

use. These results point to the need for policies that would increase electricity use through 

enhancements of the power system, such as the transmission and distribution lines. 

 

  



Introduction 
The Indian government has been emphasizing and pushing rural electrification to bring 

economic and social benefits to rural regions, such as boosting economic productivity, increasing 

study time, and enhancing livelihoods. Over the past decades the government has proposed 

schemes to support rural electrification (Oda & Tsujita, 2011; REC, 2020a). The rate of 

electricity access in India in 2018 was 94%, much higher than the 2000 rate of 67% (IEA, 2019). 

A newly launched scheme, Saubhagya, plays a key role in advancing grid connection at the 

household level. However, in much of rural India, households still face electricity deficiency and 

outage problems which affects their ability to use electricity. Even with a high electricity access 

rate, the annual electricity consumption per capita in India in 2019 was only about 1200 kWh 

(Indiastat, 2020a), which is much lower than the world’s average per capita electricity 

consumption, which exceeds 3,000 kWh (World Bank Group, 2019).  

Researchers have shown that electricity consumption is highly correlated with economic 

growth, and it is an important indicator of modern lifestyle for households (Mazur, 2011; Leung 

& Meisen, 2005; Niu et al., 2013). However, in India, poor electricity quality and the resulting 

stifled level of consumption is likely to constrain electricity use. Poor and under-developed states 

in India especially do not have sufficient funding to maintain electrification infrastructure, which 

influences the quality of electricity supply (Samanta, 2015; Oda & Tsujita, 2011). Thus, the 

government launched rural electrification programs to subsidize and finance rural electrification 

projects, such as Rural Electrification Corporation (REC) and Rajiv Gandhi Rural Electrification 

Programme (RGGVY). Charging cost-covering prices should also improve the power system’s 

financial sustainability, but it requires on-time payments of electricity bills. 

Researchers have also found that in rural areas of India, electricity availability fluctuates 

with some days only having a few hours of electricity, and some without any. Thus, poor 

electricity quality can hinder the economic development of states, especially those in the north, 

such as Uttar Pradesh (UP) and Bihar (Aklin et al., 2016). Households are also dissatisfied with 

power deficiency and blackouts. The unreliability of electricity also reduces the positive impacts 

associated with electrification, such as increases in income generation activities, standard of 

living, children’s study time, and female empowerment (Samad & Zhang, 2016). According to 

Burlig et al. (2016), in Indian regions where power quality is poor, the economic benefits 



brought by rural electrification programs such as employment, asset ownership, and school 

enrollment are stunted.  

Thus, a simple binary classification of “electrified” or “not electrified” to describe 

households’ connection to the grid is not adequate to describe their levels of electricity access. 

ESMAP (2015) recently proposed a multi-tier framework (MTF) to measure multiple facets in 

different levels to more accurately diagnose the overall quality of electricity access in developing 

countries. With the MTF, researchers can measure poor electricity supply, affordability, safety 

issues and concerns, and non-timely payments that would restrain households’ usage of 

electricity. Higher tiers of electricity access have been argued to influence economic benefits in a 

variety of ways (Marzolf et al. 2019) 

Most previous studies on electricity access focus on connection rates. However, 

measuring connection rate alone does not accurately describe the level of electricity quality, nor 

does it reveal the socioeconomic benefits that are produced from using electricity. (Aklin et al., 

2016; ESMAP, 2015). Aklin et al. (2016) confirms that electricity quality (such as the daily 

duration) is crucial to households’ satisfaction electricity in rural India. This empirical study 

continues to explore how much electricity households use, and its relationship with electricity 

quality in rural northern India. Based on a survey conducted in UP and Bihar, the study firstly 

evaluates households’ electric use situation by using the ESMAP 2015 MTF and principle 

component analysis (PCA). The study then analyzes the associated electricity quality attributes 

and household socio-economic characteristics that are important for different electricity use 

levels. The results of this study can provide a better understanding of how households are 

accessing electricity in rural India, which may provide insights for policymakers to improve RE 

programs for rural development. 

 

 

Background 
Rural Electrification in Northern India 

Rural electrification in India is largely driven by the country’s rural electrification 

schemes (Palit & Bandyopadhyay, 2017). In the early stages of rural electrification (RE), the 

Indian government focused mainly on promoting electricity for irrigation pumps to improve 

agricultural productivity. Later on, the government realized that RE and electricity services it 



brings can provide other social benefits. For example, electric lighting can increase children’s 

reading and study time and decrease the use of kerosene which reduces negative health impacts.  

Since 2005, under the Rajiv Gandhi Rural Electrification Programme (RGGVY, which is 

now part of the Deendayal Upadhyaya Gram Jyoti Yojana scheme, also known as DDUGJY) 

that aimed to obtain 100% village electrification by 2012 through building more electricity 

infrastructure, the number of  electrified villages has increased significantly (Ministry of Power, 

2006). Before the RGGVY was launched, only 60% of households were electrified, and more 

than half of them were considered wealthy (Khandker et al., 2014). The scheme later came under 

the umbrella of DDUGJY in late 2014, which promoted rural village electrification and 

improved infrastructure by expanding transmission and distribution lines in rural areas (Ministry 

of Power, 2014). By 2010, about 84% of all Indian villages had been at least partly electrified 

(Oda & Tsujita, 2011; Samanta, 2015).  

However, the definition of “electrification” in the RGGVY/DDUGJY scheme is very 

imprecise – a village with only 10% of household connection in a village is considered 

“electrified,” which implies that a lot of households may still lack electricity connections in 

“electrified” villages (Samanta, 2015). Although with a lot of limitations, the “electrified” village 

level electrification can light up villages with streetlights, and people can pay to charge their 

mobile phones. It also provides electricity to public facilities such as schools and hospitals, and 

this early village level rural electrification also successfully increased productive activities such 

as irrigation and rural agriculture industry (Thomas & Urpelainen, 2018). Besides the DDUGJY, 

other important schemes to improve the electricity infrastructures are the “24*7 Power For All” 

that aims to enhance the quality and reliability of the power supply, and the Ujawal DISCOM 

Assurance Yojana (UDAY) that helps the DISCOMs under financial stress to provide good 

power supply (REC, 2020a; REC, 2020b). 

To fill the gap of household electrification, in 2017, the government began to implement 

“Saubhagya,” a national RE scheme that provides subsidies to the DISCOMs so that the 

households and other relevant stakeholders can achieve 100% electrification (Ministry of Power, 

2017). The scheme aims to provide “last mile connections” for poor households with free or very 

low-priced electricity connections. Households below the poverty line (BPL), and households in 

Scheduled Tribes (ST) and Scheduled Castes (SC) (which are the historically disadvantaged 

castes) are eligible to obtain free connections. Besides connection, the scheme also provides 



relevant accessories such as service line cable and meters, and appliance packages that include a 

power plug, some LED lamps, and an electric fan. The scheme also requires the DISCOMs to 

“camp” in villages to help households connect to the grid (Ministry of Power, 2017). According 

to Saubhagya’s web portal, more than 95% of households in Bihar and UP have already 

connected to the grid (REC, Feb 24th, 2020). However, Saubhagya does not subsidize 

households’ electricity prices, and this cost remains a burden for households in poverty. Thus, 

poor households with electricity connection under the scheme might still not able to make on 

time electricity bill payment, which may constrain their use of the electricity services and lead to 

low electricity consumption. 

The state government plays a key role in implementation of the scheme. In the late 1990s 

and the early 2000s, electrification in Bihar was slow because of the state’s low development 

priority, poverty, caste violence, poor regulations, and corruption (Oda & Tsujita, 2011). 

Although not all eligible households had received the Saubhagya at the time when the  present 

survey was conducted, consideration of the scheme in this study can shed partial light on its 

effects on electricity use.  

 

Household Electricity Use Patterns in Rural Northern India 

 Appliance ownership indicates a household’s use of electricity. The main end-use 

functions of electricity in developing countries are lighting and space cooling in the residential 

sector (Daioglou et al., 2012). Although cooking and heating are important energy intensive 

activities in rural regions, households often prefer to use traditional biomass and liquid petroleum 

gas (LPG) mainly due to habits, culture, and costs (Daioglou et al., 2012; Bensch, Peters, & 

Sievert 2017).  

Appliances for phone charging, lighting, cooling, food storage processing and 

entertainment are available in developing countries, but lighting is the most significant share of 

power usage in low-income areas (Daioglou et al., 2012; Rathi, Chuekar & Kadaav, 2012). 

Households with electricity access soon switch their lighting sources from candles and kerosene 

to electric lighting, because modern electric lamps provide better illumination. They assist in 

household activities, provide more time to read during the evening and reduce indoor air 

pollution from burning kerosene (Khandker et al, 2014).  



Besides lighting, phone charging is another important electricity service for rural 

households with early electrification due to the small amount of power it requires (Walia et al., 

2020; ESMAP, 2015). The ability to charge phones is also very beneficial for households, since 

it can increase people’s social connectivity and communications that can enhance income 

generation activities such as doing business (Samanta, 2015). 

Climate is an important factor that affects electricity use, and Northern India is located in 

a humid sub-tropical region where the climate consists of hot summers and cold winters. 

According to Walia et al. (2020), households in this region typically have higher energy 

consumption during the summer and monsoon seasons. Space cooling appliances such as electric 

fans and air conditioners are examples of energy intensive appliances. However, since Uttar 

Pradesh and Bihar have late implementation of rural electrification, the ownership of electric 

fans was less than 40% for both states in 2009 (Rathi, Chuekar & Kadaav, 2012). Thus, electric 

fans would be expected to be the main electric appliance for space cooling in this study, but the 

ownership rates of even these simple cooling appliances may be low. Under this situation, high-

power space cooling appliances such air conditioners would be even less common and 

accessible.  

In terms of electricity use for entertainment such as watching televisions, the ownership 

of relevant appliances is also not high in rural areas. The household ownership ratio is only 44% 

in 2009 (Rathi, Chuekar & Kadaav, 2012). This rate may increase in this study, since much more 

households are now connected to the electricity grid compared to 2009.  

Food storage appliances such as refrigerators have reached 80% penetration in urban 

markets, and higher income households are more likely to own these appliances (Walia et al., 

2020). But in rural areas, household ownership of a refrigerator was less than 15% in 2009, and 

these households need to have reliable electricity supply to maintain the long hour of service 

from refrigerators (Rathi, Chuekar & Kadaav, 2012; Walia et al., 2020). Electric irons are high-

power appliances, but they do not consume a lot of electricity because households use them 

infrequently (Walia et al., 2020). 

Households with a larger family size and of a better socioeconomic status tend to have a 

higher electricity demand. These characteristics are positively consistent with higher electricity 

consumption and more appliances (Walia et al., 2020). Studies have also found that female-

headed households have lower electricity access or poorer quality access (Dave et al., 2018; 



Winther et al., 2017). A female head may show differences in purchasing electric appliances 

compared to a male head of a household, for example, a male head may value owning a 

television more than a female head; whereas a female head may tend to own clothing relevant 

appliances such as ironing and sewing knits.   

 

 

The Multi-tier Framework (MTF) to Measure Electricity Access Quality 

The Energy Sector Management Assistance Program (ESMAP, 2015) is a program 

administered by the World Bank Group that argues that a simple dichotomous household 

electricity connectivity metric is too narrow to accurately measure electricity access. Instead, 

they proposed an MTF matrix (Table 1) to better measure the quality of electricity supply to 

households, including attributes such as capacity, reliability, legality, safety, convenience, and 

affordability. ESMAP also mentions that understanding the usability and the actual use of 

electricity are important components to examine a household’s electricity access situation. Using 

the MTF, empirical studies can measure and analyze the electricity access quality in rural areas 

from the household’s perspective and explore a household’s actual use of electricity under this 

circumstance, which are important to understanding the complexity of electricity access in rural 

India. Among these eight attributes, the attributes of availability, reliability, quality and 

predictability measures the electricity quality supply for a household. 

ESMAP (2015) also suggests using two separate MTF matrices (compiled in Table 2) to 

measure electricity service level and electricity consumption based on the availability of 

appliance types and electricity consumption thresholds. While the electricity consumption MTF 

provides some important thresholds to evaluate the extent of electricity use of a household, it 

does not reflect the diversity of appliances that a household would use. Thus, the two matrices 

together explain the electricity use situation. These two MTF matrices can also be incorporated 

with the “capacity” attribute of the MTF matrix on electricity access, which measures the 

adequacy of the electricity supply.  

Electric lighting and phone charging are the first steps for households accessing 

electricity. Thus, ownership of these two appliances is categorized in Tier-1 of the electricity 

service MTF (ESMAP, 2015). While phones bring convenience for communication which 

improves social connections and a household’s economic activities, lights can prolong working 



hours and improve people’s health by switching from less traditional lighting sources such as 

kerosene. 

Note that the relationship between electricity use and this concept of multifaceted 

electricity quality is complicated. ESMAP (2015) mentions that a household’s electricity service 

tier should also have a tier score similar to the tier scores of the electricity quality attributes in 

general, since the electricity supply improves the electricity use with diverse appliances and 

services. But a higher level of appliance ownership and electricity services could also inversely 

create negative impacts on the electricity supply, such as more voltage surges and safety 

concerns. ESMAP (2015) also instructs that the attributes’ MTF tier scores are comprehensive 

for an overall diagnosis of electricity access quality.   

Keppler et al. (2019) adopted ESMAP’s (2015) MTF in rural Northern India. They used 

the MTF tiers of electricity quality attributes to describe the electricity supply quality (ESQ), 

namely, the attributes of availability, quality, reliability, and predictability. The results of these 

four ESQ attributes’ MTF tier-scores are in Figure 1. The availability tier is the most important 

attribute of the electricity supply that describes daily access to electricity. In India, households on 

average have 13 hours of electricity per day, and rural households have five hours less than 

urban households (Aklin et al., 2016).  

The reliability tier, on the other hand, measures the level of frequency of community 

level or larger scale electricity interruptions. Regional interruptions are caused by problems of 

the power system, for example, the quality of the distribution and transmission lines (Aklin et al., 

2016; Munasinghe, 1979). Small scale outages are very common in developing countries, and 

these interruptions disturb human activities and bring obstacles to the electricity end-users (Aklin 

et al., 2016).  

The quality tier describes the frequency of experiencing appliance damages due to 

voltage surge, and it measures the stability of the voltage. Low voltage constrains the capacity of 

electricity use. Improving the power system with more electricity generation can enhance the 

voltage stability and cause fewer problems with blackouts (Aklin et al., 2016; ESMAP, 2015). 

Keppler et al. (2019) also added a predictability tier, which measures a household’s ability to 

know when the next electricity outage is coming. This feature can help households adapt to 

electricity outages and use the electric appliances more effectively.  



Other important electricity quality attributes in ESMAP’s (2015) MTF are: affordability, 

legality / formality, and health and safety. Affordability is the main factor that constrains a 

household’s decision of connection and their electricity consumption. The formality / legality 

measures whether the electricity payment is on-time and whether a household’s grid connection 

is legal. Thus, a low level of this index would impede the utility’s income, which may lead to 

lower power quality and increased accidental risks. Lastly, the health/safety attribute describes 

the safety concerns from accidents related to electricity connection. 

 
Table 1. MTF matrices on measuring the electricity quality (ESMAP, 2015) 

 
 

Table 2. ESMAP's (2015) MTF on appliance ownership and annual electricity consumption 

 Tier-0 Tier-1 Tier-2 Tier-3 Tier-4 Tier-5 



Electricity 
Service Tier 
Criteria 

Not 
applicable 

Task 
lighting, 
phone 
charging 

Gen. Lighting, 
tv, fan (if 
needed) 

Tier 2 & 
any medium 
power 
appliance 

Tier 3 & 
any high-
power 
appliances 

Tier Any 
very high-
power 
appliances 

Electricity 
consumption 
levels (kWh) 

<4.5 >=4.5 >=73 >=365 >=1,250 >=3,000 

 

 

Data  

The data for this study was collected through a survey conducted by Keppler et al. 

(2019)’s team in the summer of 2018 with a sample size of 499 households in 32 villages near 

the border of Uttar Pradesh (UP) and Bihar. For the households in the sample, 251 households 

come from four districts of Bihar and 248 come from four districts of UP, and each of these eight 

districts contain either 62 or 63 households. The sample represents rural households with a 

variety of electricity access quality in northern India, and the survey includes questions about 

their demographics and socioeconomics, details about the households’ electricity connection, and 

their appliance use.  

 
Figure 1. Keppler et al.’s (2019) sampling area and the aggregated electricity quality level from the eight attributes’ MTF scores 
(in village level) 

Keppler et al. (2019) also adopted an adjusted ESMAP MTF to measure the quality of 

electricity access supply with eight attributes and a tiered scale based on Table 1. The eight 

attributes1 were: (1) capacity, the peak capacity (in W) when most appliances are operating at the 

same time; (2) availability, the daily minimum hours of power for a household; (3) reliability, the 

 
1 Keppler et al.’s (2019) detailed definition of the criteria for categorizing these eight attributes is in the Appendix X. 



frequency and duration of community-level electricity interruptions; (4) quality, appliance 

damage due to voltage surges; (5) affordability, the household’s consideration of electricity 

connection’s expensiveness; (6) legality/formality, if a household makes on-time electricity 

payments; (7) health and safety, the installment of safety devices and the household’s feeling of 

safety of the electricity hookups; (8) predictability, whether a household can predict electricity 

outages.  

Keppler et al. (2019) mention that the electricity quality attributes tiers that describe the 

electricity supply quality (ESQ) are the tiers of availability, quality, reliability, and predictability. 

Availability is the most important attribute of the electricity supply that describes the daily hours 

of access to electricity. While the quality MTF tier describes the frequency levels of 

experiencing appliance damage due to voltage surges, the reliability MTF tier measures the level 

of experiencing community-wide electricity interruptions. The predictability MTF tier measures 

the households’ ability to know when the next electricity outage is coming, which may help them 

adapt to electricity outages and use electric appliances more effectively.  

The ESQ level in the sample is low, and the distributions of the ESQ indices based on the 

MTF are shown in Figure 22. Most of the households are in Tier-2 and 3 with only 4 to 16 hours 

of electricity per day. Almost all households are in Tier-3 of the reliability attribute, which is the 

lowest tier of this attribute, meaning households experience outages quite often - around three to 

five times per week. The majority of households are in Tier-3 or higher of the quality attribute, 

which means they usually experience less than three times of voltage surges per week that would 

cause appliance damages. The predictability attribute ranges from Tier-1 to 3, which means that 

outages are not easy to predict. 

 
2 The full criteria of Keppler et al.’s (2019) electricity quality indices are in Appendix A 



 
Figure 2. MTF tier-score distributions of attributes of electricity supply quality (ESQ) 

  

Materials and Methods 

This study will explore households’ electricity consumption and appliance ownership 

(specifically, the number of appliance types that a household has) to describe how households 

use electricity. Electricity consumption (in kWh) directly measures how much households use 

electricity, but only applies to households connected to the grid. Although electric appliance 

ownership does not directly indicate electricity usage, it can describe what electricity services the 

household can access even if the household does not have a grid connection.  

 

Electricity Consumption 

Firstly, this study calculates and projects household electricity consumption for the use of 

ESMAP’s Multi-Tier Framework. Annual electricity consumption (in kWh) is calculated using a 

household’s annual electricity payment and the power tariff in 2016 (in Rupees)3 according to 

the following formula:  

 !" = 	%&&'()	!)*+,-.+.,/	0(/1*&, 023*-	4(-.55	(2016)< 	 

 
3 Power tariff is 2.75 Rs(2016)/kWh (UP) and 2.39 Rs/kWh (Bihar) according to 2016-17 data (Indiastat, 2017a; 
Indiastat, 2017b)   
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Only 135 observations of electricity bill payment data are available, with more than 200 

missing observations for direct electricity consumption calculation. This is due to a large amount 

of missing responses for household’s recent electricity payments, which may arise from untimely 

payments or the absence of the electricity meters. Thus, this study constructs a regression model 

to project the missing electricity consumption of these households with missing data. The 

projected result enables the application of ESMAP’s electricity consumption MTF for all 

households connected to the grid.  

Reddy (1995) projects electricity consumption using an appliance census approach for a 

village having a homogeneous set of households (e.g., family size and types of electrical 

appliances). This approach is a regression of electricity consumption that includes the number of 

each type of electric appliances and other non-electric appliances as explanatory variables. The 

electric appliances include different types of lights (e.g., 25 to 100 W bulbs, tube lights), 

televisions, ceiling fans, radios, refrigerators and irons. The non-electric appliances are motors, 

grinders, tables, sofas, and other assets. The number of these non-electric appliances owned by 

the household also indicates the household’s wealth.  

I use an electricity services variable instead of appliance ownership because the model 

using appliance numbers generates an R2 much smaller than the model using electricity services. 

Also, unlike Reddy’s (1995) study, the households in this study have highly heterogeneous 

characteristics such as wealth and family size. The number of variables for the “all appliance” 

and “asset” variables are more than 20, which significantly decreases the degrees of freedom 

since the sample has only 135 observations. To decrease the number of explanatory variables, I 

include an index through principle component analysis (PCA) that weights the long list of non-

electric assets and appliances to represent households’ relative wealth (NonElecAsset). PCA is a 

statistical method that generates indices to capture the maximum variance of a set of variables; 

and therefore, it reduces the number of variables from the original variable set. This method is 

widely used to generate an aggregated index of household assets by assigning weights to each 

asset (Chasekwa et al., 2018; Howe et al., 2019; Amek et al., 2018). This study uses the 

polychoric PCA method, which includes a correlation matrix that allows for the use of PCA on 

counting and binary variables (Chasekwa et al., 2018; Amek et al., 2015). The non-electric 

appliance wealth index in this study summarizes ownership with the number of water pumps, 

bikes, motors, bunks, tables, chairs, sofas, dressing tables, rooms for living, and LPG stoves. 



I also include household size (HhSize), receipt of the Saubhagya scheme, and a state 

indicator for UP. From the Saubhagya scheme, households below the poverty line can receive 

appliances such as LED light bulbs, a fan, a power plug, and other associated accessories such as 

an energy meter (REC, 2020c). The state variable is also important, because it accounts for state 

level institutional and geographic differences between UP and Bihar that would influence the 

electricity consumption.  

Instead of using the number of appliances, this study uses the household’s electricity 

services (binary variable) in the regression model. Using each type of electricity service in this 

study is preferred, because compared to using the number of each appliances as explanatory 

variables, this model has a better goodness of fit with a much higher R2. The poorer goodness of 

fit with appliance number may be because of the incomplete list of the electric appliance census 

with the specification of the appliances’ power load and size. The electricity service categories 

(ElecServi) include the use of (1) phone charging, (2) tvs, (3) radios, (4) fans, (5) refrigerators, 

and (6) irons. The service of lighting is not included because all households connected to the grid 

use this service, and there is no variation of this variable. Also, no one uses air conditioners in 

our sample. The regression model to project electricity consumption (ECproj j) of the jth household 

is:  

 log	 !"!"#$	$ = ∑ (A& ∗ !)*+C*-D&$& ) + A&'( ∗ log	 F2&!)*+%GG*,$ +		A&') ∗ HℎC.J*$ +

							A&'* ∗ C+ℎ*1*$ + A&'+ ∗ C,(,*$ ,  

where Xij is the ith electricity service category in the jth household. The study also applied the 

transformation of electricity consumption and the PCA index of non-electric assets to adjust the 

distributions to be closer to a normal distribution. The result of the regression model can also tell 

us which electricity services have the most influence on electricity consumption. 

 

Electricity Services 

The study uses two ways to summarize a household’s electricity services. One is through 

ESMAP’s (2015) MTF matrix of electricity service, which assigns a level, i.e., tier, of electricity 

use based on the appliances they use. The types of electricity services or appliances are 

mentioned in the previous section, and they are (1) lighting, (2) phone charging, (3) televisions, 

(4) radios, (5) electric fans, (6) refrigerators, (7) ironing, and (8) air conditioning. The other 



approach to measure the overall electricity services is through PCA, which is based on the data 

characteristics of the appliance ownership of the households.  

The application of ESMAP’s (2015) MTF of electricity services (Table 2) to the sample 

in this study is shown in Table 3. The first electric light bulb is an important milestone for 

households’ use of electricity, therefore, households that have electric lighting are in Tier-1. 

Usually, households in this tier can also charge their phones. Households in Tier-1 and using 

some low-power appliances such as electric fans and televisions, are categorized in Tier-2. 

Similarly, households in Tier-2 with medium power appliances are in Tier-3. Households using 

Tier-3 appliances as well as high-power appliances such as electric irons are in Tier-4. Since no 

households use air conditioners in our sample, none are in Tier-5. 

 
Table 3. Criteria of categorizing households in Bihar and UP of this study in ESMAP’s (2015) MTF 

Tier-0: Not applicable Tier-1 – Lighting  
and may have other low-load 
appliances (3-49W) 

Tier-2 – Tier-1 
AND 
Low-power appliances (50-199W) 

No lighting Lighting  
Others: phone charging, radio 

Fan(s), tv,  

Tier-3 – Tier-2  
AND  
Any medium-power 
appliances (200-799W) 

Tier-4 – Tier-3  
AND  
Any high-power appliances 
(800-1,999W) 

Tier-5 – 
Use any very high-power 
appliances (2,000W or more) 

Refrigerator(s) 
 

Iron(s) 
 

AC(s) 

 

 Instead of generating an index according to a conceptual theoretical framework, the 

polychoric PCA creates an index of the overall electric appliance ownership based on the data 

characteristics of the electric appliance variables. It can also be a reference for external 

validation of ESMAP’s (2015) MTF. Similar to the wealth index, which accounts for non-

electric assets by using the polychoric PCA described above, this approach creates an index that 

gives weights to electric appliances and captures the maximum variation of these electric 

appliance variables. Thus, I use this approach to generate an index to describe the overall 

ownership of the electric appliance variables, i.e., the number owning rechargeable phones, 

lights, electric fans, sewing machines, televisions, and irons. This set of electric appliance 



variables captures the appliance ownership variables with variation. The number of refrigerators 

is excluded, because its inclusion cannot yield a semi-positive correlation matrix for PCA 

generation. The exclusion of refrigerators would not influence the overall appliance ownership 

description significantly, because only 15 out of 499 sample households have refrigerators. 

 

Relationship Between Electricity Use and Electricity Quality 

This study further analyzes the relationship between appliance ownership and Keppler et 

al.’s (2019) MTF tiers of electricity access quality by running regressions. Besides the electricity 

quality MTF tiers, the study includes relevant socioeconomic factors and household 

characteristics in the regressions. This study also compares the analysis of the aggregated 

appliance ownership to individual electric appliance ownership with the same set of explanatory 

variables. 

The study runs regression models on variables of the number of electric appliance 

possessions/ownership. For each of the different dependent variables representing ownership of 

different appliances, I run the following regression to consider the effects of electricity quality, 

where “q” is the qth appliance ownership variable, and “i” refers to the ith household observation. 

These dependent variables are: (1) the PCA index of electric appliances that measures overall 

appliance ownership, (2) rechargeable phones, (3) lights (total number of LED, incandescent, 

and fluorescent lights), (4) electric fans, (5) television(s), (6) refrigerator(s), and (7) iron(s).  
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 I run a log-linear transformed OLS model for the PCA overall electric appliance index, 

since the log transformation transforms the distribution of this variable to be more normal with 

less variance. I run Poisson models for the count number of rechargeable phones, lights, and 

electric fans, as Poisson models are a better fit for counting variables that have asymmetric 

distributions with higher frequencies of observations in the lower counting numbers. 

 I then apply a Probit model for ownership of a television, a refrigerator, and an iron, since 

a Probit model is widely used when the dependent variable is binary. Although the number of 

televisions in possession is either zero, one or two, only four households have two televisions. 



Thus, I treat the ownership of televisions as a binary variable. The maximum numbers of both 

refrigerators and irons are one, and the ownership variables of these two appliances are thus also 

specified as binary. 

The explanatory variables include the seven separated, individual attributes of the 

electricity quality indices generated by Keppler et al. (2019). Keppler et al. (2019) adopted and 

modified the ESMAP (2015) MTF from the same survey to generate these indices. Four 

attributes are measuring the ESQ, and they are: (1) availability, which measures the daily 

minimum hours of electricity; (2) reliability, which is the level of weekly electricity outage 

frequency; (3) quality, which is the level of the voltage surge frequency; and (4) predictability, 

which is the ability of households to predict outages. Keppler et al. (2019) added the 

predictability tier in addition to ESMAP’s (2015) MTF to measure the ESQ because outages are 

very common in India, and the patterns and predictability of the outages would help households 

to manage their electricity use. 

The other Keppler et al. (2019) indices of electricity quality include (5) the safety tier that 

measures the combination of safety device installment and the households’ feeling of the 

electricity hookups’ safety; (6) the legality/formality tier that refers to on-time electricity bill 

payments; (7) and the affordability tier, the perceived expensiveness of the electricity 

connection.  

Affordability is a central issue that constrains households’ connections to the grid and use 

of electricity. The affordability MTF tier that measures the extent of a household’s feeling of 

expensiveness of an electricity connection is not adequate for measuring affordability. 

Socioeconomic factors relate to the affordability of electricity connections for households, as 

they influence households’ decisions on owning and using appliances. The socioeconomic 

factors in this study are the households’ wealth indicated by the PCA non-electric assets, the 

annual spending on non-fuel and fuel expenditures, and a self-evaluated income level in villages 

that scales from 1 to 6. The wealth index stems from the asset ownership data, which is more 

reliable than income level and household spending due to less recall bias of some specific 

monetary number (Chasekwa et al., 2018). In addition, in rural areas, many households would 

have invisible income sources such as farming, and the asset-based index includes durable 

appliances and facilities that can indicate long-term wealth.  



 Annual spending (in 10,000 rupees) is another key socioeconomic variable to measure a 

household’s living standard and well-being (Howe et al,, 2009; Samad & Zhang, 2017), 

especially in rural settings of developing countries. In this study, I separate kerosene and non-

kerosene consumption from total annual spending because kerosene use would be negatively 

related to electric lighting use, which is the main use of electricity in low-income areas (Bensch, 

Peters, & Sievert 2017). Whereas the total spending of other goods that still represents the 

household’s living standard are more likely to be positively related to electric appliance use. 

In addition, I include demographic factors of caste, household size, the number of 

household members employed, household head gender, the head education level, and the head’s 

primary occupation as control variables. This inclusion is important, because households in the 

historically backward castes of Schedule Caste/Tribe are usually in low social status and do not 

use or use less electricity. Household size is also essential, because a larger household would 

tend to have a higher electricity demand than a smaller household. The household head’s 

characteristics such as gender and education level also affect the household’s choice of 

appliances. The number of members that are employed and the head’s occupation accounts for 

the productivity factors that would influence electricity use. Similar to the model for electricity 

consumption projection, the regressions in this section include the receipt of the Saugbhaya 

scheme and the state (UP) to control the inter-regional variation. 

 

 

Results 
Projection of Electricity Consumption 

The regression model to fit the 135 observations of the logged electricity consumption 

data calculated from the annual electricity bill payment is showed in Table 4. It has an R2 = 0.24, 

F (9, 125) = 4.37, and the p-value is less than 0.01, and this model serves as the basis for 

projecting and calculating electricity consumption for the 255 households with missing 

electricity consumption data.  

The result of the model also indicates that some electricity services are closely linked to 

electricity consumption such as the use of rechargeable phone. After applying the “robust” 

command in Stata to adjust the standard errors of the variables due to heteroskedasticity, the 

electricity services for the use of phone, iron, the scheme of Saubhagya, and the binary variable 



of the state (UP or Bihar) are statistically significant with a p-value less than 0.05. Stata’s 

"cluster” command also adjust the standard errors by clustering the districts and villages can also 

partials out the fixed effects in district and village levels accordingly.  It reduces the standard 

error of the electric service of using TV to a p-value less than 0.10.  

The coefficients demonstrate to what extent electricity services account for electricity 

consumption excluding the usage of lighting. The effect of lighting is accounted for in the 

constant, which equals 4.26 with p<0.05. Although the power required by a typical rechargeable 

phone is very low (around 5W), its use has the greatest effect on electricity consumption with the 

highest positive coefficient (coef.=0.542, p < 0.05). It is likely that phone charging is a very 

important electricity service for households in rural Northern India, and this service is used 

frequently.  

On the contrary, the coefficient of the use of a high-power appliance, an electric iron, is -

0.480, and its effect is significant (p < 0.05). This result indicates that households that use irons 

are more likely to consume less electricity. It is likely that households who have electric irons do 

use them frequently. More of the households who have electric irons are in lower levels of self-

evaluated income in their community. Thus, income level may be a confounder of this result and 

explain why it is correlated to low electricity consumption.  

 
Table 4. Regression Table of the logged electricity consumption model with three treatments of the standard errors  

Explanatory Variables Coef. P-value 
(robust only) 

P-value (robust & 
districts clustered) 

P-value (robust & 
villages clustered) 

ES – Radio (2W) 0.104 0.673 0.706 0.645 

ES – Phone charging (5W) 0.542 0.000** 0.001** 0.000** 

ES – TV (30W) 0.177 0.113 0.092 0.077 

ES – Fan (75W) 0.366 0.111 0.141 0.142 

ES – Refrigerator (180W) -0.142 0.704 0.777 0.720 

ES – Iron (1kW) -0.480 0.022** 0.030** 0.025** 

Logged PCA wealth index – 
non-electric assets 

0.141 0.222 0.231 0.333 

Saubhagya Scheme -0.652 0.000** 0.001** 0.000** 

State (UP) 0.40 0.001** 0.003** 0.008** 



_cons 4.26 0.000** 0.000** 0.000** 

R2=0.24, n=135     
F (9, 125) = 4.37, p<0.001 (no std. errors adjustments)   
** p < 0.05; * p < 0.10    
 

 

Electricity Consumption & Appliance Ownership Levels 

The results relating the MTF on electricity consumption with missing data filled and 

electricity services are shown in Figure 3. The distribution of households with ownership of each 

appliance is in Figure 4, and households that own low and very low-power appliances are the 

most common. The means of the Electricity Consumption MTF tier and the Electricity Service 

MTF tier categories are very close, 1.59 and 1.52 accordingly; and most households are in Tier-2 

for both tier categories. This result is consistent with appliance ownership given that most 

households possess both low and very low load appliances. The correlation between the 

appliance MTF tier and the PCA index for electric appliances is highly related with a correlation 

coefficient of 0.70 (p=0.00). This indicates that both approaches to measure appliance ownership 

yield consistent results, and that households with low a PCA electric appliance index are also in 

a low appliance use MTF tier. The correlation between the electricity consumption tier and the 

appliance tier is also very high with a correlation coefficient of 0.85 (p=0.00), which indicates 

that direct electricity use measured by electricity consumption accurately reflects the electric 

appliance ownership level, and vice versa.  

In general, no households are in the Electricity Consumption MTF Tiers 4 or 5, and none 

are in the Electricity Service Tier-5 with very high-power appliances such as the AC units 

(Figure 3). Few households are in appliance MTF Tier-3 and -4, with medium power appliances 

such as refrigerators and high-power appliances such as irons. Most households are in Tier-2 for 

both categories. There are 113 households in Tier-0 of the Electricity Consumption MTF, which 

means that they are not connected to the grid. For those 113 households without electricity 

connection, 8 households have no electric lights yet.  

In total, Figure 3 shows that most of the households are still in Tier-2 of the Electricity 

Consumption (328 hh, 65.73%) and the Electricity Service (325 hh, 65.13%) MTFs without 

owning medium power appliances. Most only record the use of low-power appliances such as 

fans and TV in the Electricity Service Tier-2. The 19 households that use a high-power 



appliance, such as an iron, are categorized in Electricity Service MTF Tier-2 because they lack 

refrigerators or other medium-power electric appliances. Eighteen of these 19 households are 

also in Electricity Consumption Tier-2 with only one household in Tier-3. Note that no 

households in this study use low-power electric appliances such as water coolers, computers, and 

tablets, which are usually owned by wealthier households.  

The use of medium-power appliances such as refrigerators is uncommon in this sample; 

only 9 households indicated use of refrigerators and are therefore categorized in Tier-3. Also, 

irons are the only high-power appliances in this study, and no households use very high-power 

appliances such as air conditioners. However, the incomplete list of medium- and high-power 

appliances such as air coolers, rice-cookers, water pumps, hair dryers, washing machines and 

microwaves in the survey may be a key limitation of this study to accurately categorize 

households in Electricity Service MTF Tier-3 and higher. 

 

   
Figure 3. Distribution of the electricity consumption MTF tier and the appliance MTF tier 
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Figure 4. The number of households with ownership of electric appliances 

 

Electricity Use MTF Levels & Associated Household Characteristics 

Besides the high correlation between the electricity service MTF tier and electricity 

consumption MTF tier, household characteristics under each tier level of these two MTFs are 

also similar except for household grid connection (see Table 5-1 and Table 5-2). Almost all 

households in appliance MTF tiers 0 or1 have very limited electric appliance use such as 

rechargeable phone and are not connected to the grid. The grid connection ratio grows rapidly to 

85.45% for households in the electricity service MTF Tier-1, and almost all households in Tier-

2, and all households in Tier-3 and Tier-4 are connected to the grid.  

The adoption of alternative electricity sources such as off-grid standalone solar home 

systems (SHS) or small solar knits can provide some electricity access for households not 

connected to the grid. They also have the potential to alleviate some electricity supply quality 

problems by providing households that have grid connections with backup electricity capacity. 

However, in our sample the adoption ratio across households is low, around 7%, and majority of 

these households are not connected to the grid.  

The majority of households with electric lights in Electricity Services and Electricity 

Consumption MTF Tier-1 or higher no longer use kerosene as the primary lighting source, which 
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suggests that electricity access in northern India successfully switches households’ primary 

lighting source to electric lights. 

The household distribution of below poverty line (BPL) and self-evaluated low-income in 

both MTF tier scores are similar, which suggests that the BPL variable adequately captures poor 

households in our sample. More than 70% of households indicated their income level is BPL, 

and most of them should be eligible for receiving the Saubhagya scheme with free grid 

connection and some electric appliances (e.g., LED lights, phone charging plug(s), and a fan). 

Since the Saubhagya scheme is still under implementation, most of households that are BPL had 

not yet received the scheme. However, the result shows that the scheme targets the truly poor 

households that need support to access electricity. The Saubhagya scheme also successfully 

assists with grid connection, since no household who received the scheme remains in electricity 

consumption Tier-0, the tier indicating no connection. 

For households that had received the scheme packages and connected to the grid, many 

are in Tier-2 of the Electricity Service and Electricity Consumption MTF tiers. Whereas there are 

still a certain number of households still in the Tier-1 of both MTF tiers without medium-power 

appliances such as an electric fan. This finding reveals that households currently under the 

scheme are not using the appliances they shall receive from the scheme besides the grid 

connection. It is unclear about whether they never received the appliances from the scheme, or if 

they received them but do not use them.  

Despite this being a sample of rural households, not all household heads listed their 

primary occupation as farmers. Another commonly reported occupation of household heads was 

daily workers, and most households in this occupation are in the lower electricity service tiers 

(Tier-2 or lower). Similarly, almost all households in the ST or SC castes are in the same low 

electricity service tiers. 

The number of households with female heads is small with only 57 households, and 80% 

of these households considered themselves in the lowest income level of their village according 

to their self-evaluation of income. Almost all households with a female head are in Tier-2 of both 

MTF tiers, except one household that is in Electricity Service Tier-4 and Electricity 

Consumption Tier-3. Also, although the sample is small, households with more highly educated 

heads (higher secondary or higher) are more likely to be in a higher tier for both MTF tiers. 

 



Table 5-1. Electricity service tiers & households characteristics 

Electricity Service Tier 
(ntotal=499) 

Tier-0 
(n0=103) 

Tier 1 
(n1=49) 

Tier 2 
(n2=335) 

Tier 3 
(n3=8) 

Tier 4 
(n4=7) 

Grid connection (n=386) 0 47 (85.45%) 323 (99.38%) 9 (100%) 7 (100%) 

Alt. electricity source(s) 
(n=35) 

10 (9.71%) 8 (14.55%) 13 (4.00%) 1 (12.50%) 3 (28.57%) 

Kerosene (n=119) 90 (87.38%) 6 (10.91%) 20 (6.15%) 3 (33.33%) 0 (0.00%) 

Received Saubhagya  0 18 (32.73%) 42 (12.92%) 0 1 (14.29%) 

BPL (some missing) 
(n=340) 

83 (83.00%) 44 (86.27%) 207 (71.63%) 5 (55.56%) 1 (14.29%) 

Low income (lowest two 
levels of self eval.) 
(n=402) 

89 (86.41%) 50 (90.91%) 260 (80.00%) 3 (33.33%) 0 (0.00%) 

Castes (ST/SC) (n=188) 59 (57.28%) 28 (50.91%) 98 (30.15%) 1 (11.11%) 2 (28.57%) 

Occupation - daily 
worker (n=175) 

49 (47.57%) 25 (45.45%) 99 (30.46%) 1 (11.11%) 1 (14.29%) 

Occupation - farmer 
(n=200) 

42 (40.78%) 15 (27.27%) 134 (41.23%) 6 (66.67%) 4 (57.14%) 

Head – female (n=57) 9 (8.74%) 11 (20.00%) 36 (11.08%) 0 1 (14.29%) 

Head – education (>= 
higher secondary) (n=44) 

2 (2.17%) 5 (10.20%) 31 (13.60%) 3 (42.86%) 3 (75.00%) 

 
Table 5-1 Electricity consumption tiers & households characteristics 

Electricity Consumption Tier 
(ntotal=499) 

Tier 0 
(n0=110) 

Tier 1 
(n1=12) 

Tier 2 
(n2=294) 

Tier 3 
(n3=40) 

Alt. electricity source(s) (n=35) 20 (17.70%) 0 11 (3.35%) 4 (9.76%) 

Kerosene (n=119) 91 (80.53%) 3 (17.65%) 23 (7.01%) 2 (4.88%) 

Received Saubhagya (n=61) 0 16 (32.65%) 42 (13.29%) 0 

BPL (n=340 w/ missing data) 91 (82.73%) 10 (83.33%) 216 (73.47%) 23 (57.5%) 

Low income (self-eval. in the 
lowest two levels; scaled 1 to 6) 
(n=402) 

98 (86.73%) 15 (88.24%) 262 (79.88%) 27 (65.85%) 

     
Castes – ST/SC (n=188) 65 (57.52%) 6 (35.29%) 108 (32.93%) 9 (21.95%) 



Occupation – daily worker 
(n=175) 

49 (43.36) 8 (47.06) 109 (33.23%) 9 (21.95%) 

Occupation – farmer 
(n=200) 

50 (44.25%) 6 (35.29%) 131 (39.94%) 13 (31.71%) 

Head – female (n=57) 10 (8.85%) 4 (23.53%) 42 (12.80%) 1 (2.44%) 

Head – educ level (>= higher 
secondary) (n=43) 

2 (1.77%) 1 (5.88%) 33 (10.37%) 7 (17.07%) 

 

 

Regressions on Appliance Ownership 

The result of the regression models with the four ESQ MTF tiers, plus the other three 

MTF tiers that measure electricity access, and other socioeconomic and contextual factors on 

appliance ownership indicators are provided in Table 6. 

Firstly, the availability tier is positively related to the overall appliance ownership (PCA 

index) and each type of electric appliance. This availability tier has a significant correlation with 

the number of TV and fans at 5%, and is significant with iron ownership at 10%. This significant 

relationship may be due to the level of electricity availability that is crucial for these appliances.  

Secondly, for the overall appliance ownership (PCA index), the reliability MTF tier has a 

positive and significant relationship, and this correlation also applies to the number of lights, the 

number of electric fans, and owning an iron. Only the correlation of the reliability tier to the 

number of phones is significantly negative. This suggests that unreliable power supply does not 

constrain a household to have less phones, probably because the power required for phone 

charging is low. For other appliances, intermittent and unreliable power supply appears 

negatively related to ownership.  

Thirdly, although the predictability tier is positively related to overall appliance 

ownership, the coefficient is small and not significant. It has a more salient positive relationship 

with iron ownership at the 5% significance level.  

Fourthly, the quality MTF tier has a negative significant correlation with overall 

appliance ownership and higher load appliances such as the number of fans and iron at the 5% 

level of significance. It also has a less salient but still negative effect on very low-load appliances 

such as the number of lights and phones. This evidence suggests that for households that have 

relatively high overall appliance level and higher-load appliance, they are also more likely to 

experience more appliance damage.   



For the other electricity quality tiers, the safety MTF tier has a negative and significant 

correlation with the summarized PCA index, the number of phones, and number of fans. This 

means that the number of electric appliances in general, the number of phones, and the number 

of fans are negatively related to safety device installment and the perceived safety of the 

electricity hookup. Since the installment of safety devices would not decrease the use electric 

appliances, these negative relationships are very likely due to the higher level of electric 

appliance ownership that brings more safety concerns; thus, making people feel less safe about 

using electricity. This result is similar to the negative relationship between appliance ownership 

variables and the quality MTF tier, since households in lower quality tiers are more likely to 

experience appliance damages due to voltage surges with a higher number of appliances. These 

incidents may raise households’ safety concerns of electricity. 

The legality/formality tier’s associations to all appliance ownership variables are positive 

except for refrigerators; and especially the relationship with the number of lights. This result 

suggests that households that more frequently pay electricity bills timely are likely to have more 

appliances, though the correlation with phones and fans is negligible. The significant negative 

correlation of the legality/formality tier with refrigerator ownership suggests that households 

with refrigerators may be less likely to pay their bills on time.  

As for the affordability and socioeconomic factors’ correlations with appliance 

ownership, the affordability MTF tier is significant to the refrigerator only, and the PCA wealth 

index is positively related to all appliance ownership indicators. The annual non-fuel/electricity 

spending is positively and significantly related to fan and TV ownership at the 5% level; and it is 

also positively and significantly related to the summarized PCA index, the number of lights and 

the number of phones at the 10% level. This result shows that the more households perceive the 

electricity connection as affordable, the more likely they are to have a refrigerator, but not other 

appliances. Also, wealthier households with non-electric assets also tend to have more electric 

appliances. Households at a higher spending level also tend to have more appliances in general, 

especially fans and televisions.  

Demographic factors, such as male household head, are negatively related to the overall 

electric appliance ownership (PCA index), the number of lights, number of fans, and owning an 

iron; but the relationship is only significant for iron ownership. This result may because 



households with a female head are more likely to have these appliances, though iron ownership 

is the only one with a salient effect from the head gender variable. 

The Saubhagya scheme, which aims to help poor households connect to the grid and 

access some low-load electric appliances, was in the process of implementation during the 

summer of 2018 when the survey was conducted. However, households who received this 

scheme may not yet have received the scheme’s full benefits, which may explains why the 

scheme has a negative but negligible effect on the overall appliance ownership measured by the 

PCA electric appliance index. It also has a negative and significant effect on electric fans, which 

is counter-intuitive because the Saubhagya package includes an electric fan. This may reflect the 

lower income of Subhagya-targeted households, or indicate that fans were not successfully 

distributed by the scheme. 

There are also geographic differences for appliance ownership of lights, fans, a 

refrigerator, and an iron. Inclusion of the state variable accounts for geographic, political and 

institutional differences of UP and Bihar. The state of UP is negatively related to low-load 

appliances, number of lights, phones, and fans; but it is highly positive and significant related to 

higher-load appliances, such as refrigerators and irons. The result reveals that it is more common 

for households in Bihar to have these low-load appliances, and more households having higher-

power appliances are located in UP. 

 
Table 6. Regressions of appliance ownership and potential drivers with individual ESQ attribute's MTF tier (selected results; see 
Appendix B for the results of the full regression model) 

Dependent Var. 
PCA Elec. 

Appl 
Index 

# Lights # Phones # Fans TV 
(1=yes) 

Refrigerat. 
(1=yes) 

Iron 
(1=yes) 

Reg. Type  OLS 
(log) Poisson Poisson Poisson Probit Probit Probit 

Num. of Obs 384 384 384 384 384 351 384 

R2 (Adj.) or Pseudo R2  0.622 
(p=0.000) 

0.169 
(p=0.000) 

0.083 
(p=0.000) 

0.110 
(p=0.000) 

0.218 
(p=0.000) 

0.564 
(p=0.000) 

0.413 
(p=0.000) 

ESQ 
Attributes’ 
MTF Tiers 

Availb. 0.181 
(0.199) 

0.050 
(0.315) 

0.217 
(0.516) 

0.116 
(0.009) 

** 

0.203 
(0.016) 

** 

0.231 
(0.300) 

0.317 
(0.087) 

Reliabl. 
0.179 

(0.001) 
** 

0.104 
(0.000) 

** 

-0.036 
(0.066) 

0.137 
(0.002) 

** 

-0.139 
(0.268) 

0.031 
(0.730) 

0.512 
(0.000) 

** 

Predict. 0.0256 
(0.834) 

-0.0033 
(0.932) 

0.0303 
(0.363) 

-0.0166 
(0.63) 

-0.067 
(0.553) 

-0.316 
(0.090)  

0.183 
(0.000) 

** 



Quality 
-0.127 
(0.039) 

** 

-0.036 
(0.097)  

-0.053 
(0.092)  

-0.081 
(0.000) 

** 

-0.061 
(0.406) 

0.060 
(0.509) 

-0.530 
(0.000) 

** 

Other MTF 
Tiers 

Safety  -0.175 
(0.048)  

-0.243 
(0.229) 

-0.097 
(0.001) 

** 

-0.079 
(0.029) 

** 

-0.070 
(0.431) 

-0.316 
(0.090)  

-0.243 
(0.111) 

Legal. / 
Formal. 

0.042 
(0.370) 

0.28 
(0.054)  

-0.0069 
(0.764) 

0.0012 
(0.968) 

0.106 
(0.051)  

-0.208 
(0.013)  

** 

0.093 
(0.353) 

Afford. 0.07 
(0.216) 

0.0158 
(0.381) 

-0.027 
(0.212) 

0.031 
(0.078)  

-0.087 
(0.141) 

0.403 
(0.000)  

** 

0.148 
(0.029) 

** 

Socioecon Wealth 
Index 

0.598 
(0.001) 

** 

0.111 
(0.000) 

** 

0.070 
(0.000) 

** 

0.114 
(0.000) 

** 

0.332 
(0.000) 

** 

0.416 
(0.000)  

** 

0.185 
(0.005) 

** 

 Spending 
(non-fuel) 

0.187 
(0.060) 

0.028 
(0.117) 

0.043 
(0.172) 

0.043 
(0.042) 

** 

0.143 
(0.016) 

** 

0.050 
(0.682) 

0.023 
(0.816) 

Demograph 

HH Size 0.004 
(0.880) 

-0.003 
(0.791) 

0.042 
(0.007) 

** 

0.020 
(0.363) 

-0.051 
(0.170) 

-0.065 
(0.292) 

-0.069 
(0.178) 

Head 
Gender - 

Male 

-0.123 
(0.284) 

-0.050 
(0.432) 

0.063 
(0.606) 

-0.037 
(0.373) 

0.342 
(0.112) 

0.500 
(0.412) 

-0.853 
(0.000) 

** 
Occupation 

- Daily 
wage 

-0.111 
(0.349) 

0.0146 
(0.678) 

-0.090 
(0.052) 

-0.101 
(0.255) 

-0.411 
(0.022) 

** 

1.268 
(0.004)  

** 

0.225 
(0.277) 

Contextual 

State - UP -0.338 
(0.072) 

-0.163 
(0.026) 

** 

-0.009 
(0.829) 

-0.090 
(0.001) 

** 

0.027 
(0.895) 

2.211 
(0.000)  

** 

1.258 
(0.003) 

** 

Scheme -0.037 
(0.796) 

-0.046 
(0.399)  

0.131 
(0.003) 

** 

-0.218 
(0.027) 

** 

-0.193 
(0.383) 

-0.600 
(0.251) 

0.191 
(0.271) 

 

 

Discussion 
This study investigated the electricity use situation in rural Northern India, and found that 

the electricity consumption is low with an average of 230.76 kWh. Households in Uttar Pradesh 

had a higher electricity consumption than Bihar, since the state variable is significant to the 

electricity consumption. The electricity service of phone charging has a greater effect on 

electricity consumption than all other services. Applying the MTF on this study also indicates a 

low level of electricity use via the perspective of electricity services and electricity consumption. 

The majority of households are in Tier-2 of the Electricity Consumption and Electricity Services 



tiers. This means that they have more appliances than the very basic appliances of electric lights 

and phone charging, and they have at least an electric fan or a television. But these households 

still lack larger household appliances such as refrigerators. The percentage of households that 

have electric fans in this study is 67.5%, which is dramatically higher than ~40% in 2009 for 

both states (Sigh, Chunekar & Kadav, 2012).  

Households that are in Tier-2 and lower of both the electricity service and consumption 

MTFs are mainly poor households with low income and are below poverty line. Many of them 

are in the backward castes, and the number of households whose head’s primary job as a daily 

wage worker is higher than those whose job as a farmer in Tier-1 and Tier-0 for both categories 

in a rural setting. Although the Saubhagya scheme can assist with connecting poor households to 

the grid, these households only use electricity at a very low level, insufficient to meaningfully 

improve their well-being and living standards. 

The regression results from this study also suggest that electricity supply quality 

constrains electricity use in rural Northern India. The evidence in this study states that 

households with more daily hours of electricity access are more likely to own more appliances, 

such as electric fans and televisions. Households with better electricity reliability and fewer 

outages also tend to have higher electric appliance ownerships in general. However, the 

relationship between voltage stability and appliance ownership is negative. This indicates that 

households with more appliances tend to have less stable voltage and experience more surges in 

voltage, more damages to appliances, and more safety issues. This result may be due to the low 

voltage in rural Northern India that cannot sustain the high-power loads when using more electric 

appliances, which would lead to blackouts and voltage surges afterwards.   

The wealth of a household has a strong, positive relationship with overall and individual 

appliance ownership. Households who found the electricity connection more affordable also had 

a higher chance of owning relatively high-power appliances such as refrigerators and irons. 

Households with a better living standard and higher non-fuel spending are also more likely to 

have televisions and electric fans, and these two appliances may be essential to improve a 

household’s living status.  

Thus, although this study cannot draw any conclusions regarding the casual relationships 

between electricity use and socioeconomic characteristics (eg., wealth and living standard), 

improving households’ electricity service level and access to electric appliances beyond basic 



lighting is still important. To encourage greater use of electricity, the policy priorities should 

focus on upgrading power system infrastructure to provide higher quality electricity supply. The 

improvement of electricity availability, reliability and quality may lead to higher electricity 

consumption, fewer electricity blackouts, and fewer appliance damages and safety issues. 

Future studies to analyze electricity use via surveys can provide a refined and complete 

list of electric appliances for rural households, which includes the specification of the appliance 

model, power, and size. These details can help the researchers to better project electricity 

consumption when data is not adequate, and provides more information of households’ 

electricity services. Researchers can also use non-intrusive load monitoring (NILM) devices to 

monitor the real-time electricity consumption from different appliances over a year to collect 

more reliable data and observe any seasonal variation in use (Walia et al., 2020).  

Also, although ESMAP’s (2015) MTF provides a framework to measure different aspects 

of electricity quality, the adoption and interpretation of this framework is somewhat subjective. 

Researchers may use different specifications to define the electricity quality attributes and 

categorize the tier-scores. In closing, further research is necessary to study the causal relationship 

between electricity quality and electricity consumption. The study also suggests policymakers to 

prioritize improving power availability, reliability, and voltage stability. Enhancing these 

attributes of power supply quality is helpful to increase households’ usage of electricity and 

enjoy the benefits from more electricity services.  
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Appendix A. Definitions and criteria of categorizing eight attributes electricity access according to Keppler et al.’s (2019) 
modified MTF base on ESMAP (2015) 

Attribute  Definition Tier 0 Tier 1 Tier 2 Tier 3 Tier 4 Tier 5 
Capacity  Peak capacity 

of appliances operating 
at the same time in a 
household.  

Unelectrified 3W 50W 200W 800W 2000W 

Availability Minimum hours per day 
households get 
electricity 

Unelectrified - 4 8 16 23 

Reliability  Frequency and total 
duration of electricity 
interruption happened in 
this community in the 
past week 

Unelectrified - - Frequency: At 
least 3-5 times 
a day 
AND 
Duration: >4 
hours/day 

Frequency: 
no more than 
once or twice 
per day  
AND 
Duration: 
=<4 
hours/day 

Frequency: 
only once.  
AND 
Duration: <2 
hours/week 

Quality 
(voltage) 

The frequency of home 
appliances damage due 
to voltage surge in the 
past year 

Unelectrified A lot (>5 
times) 

Often (4-5 
times) 

Occasionally 
(2-3 times)  

Very rarely 
(1 time)  

Never  

Affordability  Household’s feeling for 
the affordability of 
electricity 

Unelectrified - Electricity is 
expensive 

Not sure if 
electricity is 
expensive  

- Electricity is 
not 
expensive 

Legality  Whether a household 
received an electricity 
bill and whether the 
surveyor think the 
household has a legal 
connection 

Unelectrified Household: 
never 
received a 
bill  
AND 
Surveyor: 
illegal 
connection 

- Household: 
never received 
a bill  
OR  
Surveyor: 
illegal 
connection 

- Household: 
received a 
bill  
AND  
Surveyor: 
legal 
connection 

Safety & 
Health 

Whether a household 
feel the electricity 
hookups in house are 
safe and whether a 
household have MCBs 
(miniature circuit 
breaker), earth 
grounding wire and fuse 
installed 

Unelectrified Unsafe 
hookups or 
Unsure 
safety 
AND 
No MCBs, 
earth 
grounding 
wire and fuse 
installed 

Unsafe 
hookups  
OR  
Have 
MCBs, 
or earth 
grounding 
wire or fuse 
installed 

Unsure safety 
OR  
Have MCBs, 
or earth 
grounding 
wire or fuse 
installed 

Safe 
hookups  
OR  
Have MCBs, 
or  earth 
grounding 
wire or fuse 
installed 

Safe hookups 
AND 
Have MCBs, 
earth 
grounding 
wires and 
fuse installed 

Predictability  Whether a household 
can predict the time 
when outages will occur 

Unelectrified Completely 
random 

- Somewhat but 
not very 
predictable 

Mostly 
predictable 

Always 
Predictable 

 
 

 

 



Dependent Var. PCA Elec. 
Appl Index # Lights # Phones # Fans TV (1=yes) Refrigerat. 

(1=yes) Iron (1=yes) 

Reg. Type  OLS (log) Poisson Poisson Poisson Probit Probit Probit 

Num. of Obs 384 384 384 384 384 351 384 

R2 (Adj.) or Pseudo R2 
(w/out std. error adjusted) 

0.622 
(p=0.000) 

0.169 
(p=0.000) 

0.083 
(p=0.000) 

0.110 
(p=0.000) 

0.218 
(p=0.000) 

0.564 
(p=0.000) 

0.413 
(p=0.000) 

ESQ 
Attributes’ 
MTF Tiers 

Availb. 0.181 (0.199) 0.050 (0.315) 0.217 (0.516) 0.116 (0.009) 
** 

0.203 (0.016)  
** 0.231 (0.300) 0.317 (0.087) 

Reliabl. 0.179 (0.001) 
** 

0.104 (0.000) 
** -0.036 (0.066)  0.137 (0.002) 

** -0.139 (0.268) 0.031 (0.730) 0.512 (0.000) 
** 

Predict. 0.026 (0.834) -0.003 (0.932) 0.0303 (0.363) -0.017 (0.63) -0.067 (0.553) -0.316 (0.090)  0.183 (0.000) 
** 

Quality -0.127 (0.039) 
** -0.036 (0.097)  -0.053 (0.092)  -0.081 (0.000)  

** -0.061 (0.406) 0.060 (0.509) -0.530 (0.000) 
** 

Other MTF 
Tiers 

Safety  -0.175 (0.048)  -0.243 (0.229) -0.097 (0.001) 
** 

-0.079 (0.029) 
** -0.070 (0.431) -0.316 (0.090)  -0.243 (0.111) 

Legal. / 
Formal. 

0.042 (0.370) 0.28 (0.054)  -0.007 (0.764) 0.001 (0.968) 0.106 (0.051)  -0.208 (0.013) 
** 

0.093 (0.353) 

Afford. 0.07 (0.216) 0.0158 (0.381) -0.027 (0.212) 0.031 (0.078)  -0.087 (0.141) 0.403 (0.000) 
** 

0.148 (0.029) 
** 

Socioecon 

Wealth 
Index 

0.598 (0.001) 
** 

0.111 (0.000) 
** 

0.070 (0.000) 
** 

0.114 (0.000) 
** 

0.332 (0.000) 
** 

0.416 (0.000) 
** 

0.185 (0.005) 
** 

Spending 
(non-fuel) 

0.187 (0.060) 0.028 (0.117) 0.043 (0.172) 0.043 (0.042) 
** 

0.143 (0.016) 
** 

0.050 (0.682) 0.023 (0.816) 

Spending 
(fuel) -3.96 (0.251) 0.276 (0.875) -6.848 (0.216) 

3.166 (0.013) 
** 

-42.69 (0.020) 
** -2.324 (0.782) 

-54.29 (0.033) 
** 

Income 
(self-eval) 

0.376 (0.003) 
** 

0.106 (0.000) 
** 

0.123 (0.000) 
** 

0.105 (0.028) 
** 0.137 (0.128) 0.651 (0.062) 

0.480 (0.002) 
** 

Demograph HH Size 0.004 (0.880) -0.003 (0.791) 0.042 (0.007) 0.020 (0.363) -0.051 (0.170) -0.065 (0.292) -0.069 (0.178) 



# Members 
employed -0.024 (0.531) -0.072 (0.000) 

** 
0.026 (0.046) 

** -0.007 (0.618) -0.037 (0.473) -0.063 (0.194) -0.051 (0.381) 

Head 
Gender - 

Male 
-0.123 (0.284) -0.050 (0.432) 0.063 (0.606) -0.037 (0.373) 0.342 (0.112) 0.500 (0.412) -0.853 (0.000) 

Caste -0.377 (0.711) -0.043 (0.375) -0.030 (0.466) -0.123 (0.021) 
** 

0.088 (0.666) -0.279 (0.393) 0.096 (0.760) 

Head Edu 
(higher) 

-0.0197 (0.895) 0.026 (0.626) 0.009 (0.873) -0.072 (0.375) 0.119 (0.521) -1.147 (0.088) 0.454 (0.000) 
** 

Occupation 
- Farmers 

-0.298 (0.063) -0.064 (0.197) -0.044 (0.316) -0.006 (0.925) -0.254 (0.307) 1.326 (0.000) 
** 

0.392 (0.094) 

Occupation 
- Daily 
wage 

-0.111 (0.349) 0.0146 (0.678) -0.090 (0.052) -0.101 (0.255) 
-0.411 (0.022) 

** 
1.268 (0.004) 

** 0.225 (0.277) 

Contextual 

State - UP -0.338 (0.072) 
-0.163 (0.026) 

** -0.009 (0.829) 
-0.090 (0.001) 

** 0.027 (0.895) 
2.211 (0.000) 

** 
1.258 (0.003) 

** 

Scheme -0.037 (0.796) -0.046 (0.399)  0.131 (0.003) 
** 

-0.218 (0.027) 
** -0.193 (0.383) -0.600 (0.251) 0.191 (0.271) 

Constant 0.533 (0.470) 0.461 (0.111) 0.523 (0.001) 
** 

-0.321 (0.440) -1.131 (0.088) -8.085 (0.000) 
** 

-3.611 (0.000) 
** 

 
 


